A three-dimensional time-domain calculation method is of crucial importance in prediction of the motions and wave loads of a ship advancing in a severe irregular sea.
INTRODUCTION
The three-dimensional time-domain freesurface Green function under integral form, associated with a point source in arbitrary motion has been presented by Stoker (1957) . Liapis and Beck (1985) have presented the Green integral equation (also referred to as source and normal doublet distribution method) for the radiation problem of a ship advancing with a constant forward speed using a threedimensional time-domain forward-speed free-surface Green function (hereinafter referred to as 3DTFFG) approximated by a series obtained by using the principle of stationary phase. King et al. (1988) formulated in an earth-fixed coordinate system in order to predict the large-amplitude arbitrary motions and wave loads of a ship in a seaway. In their approach, the body boundary condition is satisfied on the instantaneous wetted surface while the free surface condition is linearized. Their work has further been developed to yield a multi-level code system for linear and nonlinear solutions (Lin et al. 1999 ).
All the above mentioned methods make use of the free-surface Green function which satisfies the linearized free-surface condition and the constant panel method are employed to obtain numerical solutions. For purely linear problems, using LAMP is more expensive than In the present paper, the radiation-diffraction potential boundary value problem is solved by using the Green integral equation 
FORMULATION
Assuming that the body advances with a constant speed U in the positive x-direction accompanying a small amplitude six-degreeof-freedom motion, the potential can be expressed in a moving coordinate system ( , , ) x y z attached to the mean position of the body with the origin in the waterplane of the body and the z-axis vertically upwards as follows.
where -Ux is the free-stream potential, W Φ the steady disturbance potential due to the constant forward motion of the body and ( 1,2,,,6) k k Φ = the radiation potentials due to the six-degree-of-freedom motion. Adopting the Neumann-Kelvin linearization, the linearized body boundary condition for the unsteady potential,
( 1,2,,,6) k k Φ = can be expressed as follows in the moving coordinate system. 
and applying the body boundary condition due to an impulsive body's velocity
The 
In this paper, the diffraction problem is formulated in terms of the time-derivative of the potential
The body boundary condition is as follows.
Here, it is assumed that the incident waves in an earth-fixed cartesian coordinate system ( ', ', ') x y z take the following form.
where A(ω 0 ) denotes the amplitude of this wave train whose absolute frequency is ω 0 and β the angle between the positive x'-axis and the wave propagation direction. When the incident waves are given as an arbitrary impulsive wave elevation, the
can be presented by the following convolution. presented in the moving coordinate system ( , , ) x y z as follows (Gong 1987) . (12) is not applicable in case the waves are incident from abaft the beam of a ship with forward speed. In this case, the initial condition for the present diffraction potential cannot be satisfied and the encounter frequency ω is not a single-valued function of the absolute frequency ω 0 .
The diffraction impulse response functions in following seas can be obtained by using the method presented by Korsmeyer and Bingham (1998) Substituting Eq. (11) into Eq. (9), we have φ and the Green function G expressed in the moving coordinate system presented by Newman (1992) , the Green integral equation in the time-domain for 7,t φ can be found as follows (Gong 1987) .
It should be noted that the kernel of Eq. (15) for 7,t φ is identical to the kernel of the integral equation for the time-domain radiation potentials presented in Liapis and Beck (1985) .
The integral equation (15) is discretized spatially by using a second-order boundary element method as shown in Hong and Hong (2008) . The numerical integration in time has been carried by using the temporal discretization presented by Beck and Liapis (1987) .
APPROXIMATE BODY NONLINEAR EQUATIONS OF MOTION and WAVE LOADS
Taking account of the Froude-Krylov and the hydrostatic restoring forces -generalized forces in the sense that they can include moments -calculated over the instantaneous wetted surface of the ship S t while the forces due to the radiation and scattering potentials on the mean wetted surface S, the following equations of motion of a ship advancing in waves can be obtained as follows. and the radiation memory functions K jk are obtained as follows.
As shown above, the hydrodynamic coefficients involving spatial derivatives have been obtained directly without using Stokes'theorem which is valid only for bodies that are wall-sided at the waterline. The 
where ζ I denotes the wave elevation at the earth-fixed reference point expressed in the moving coordinate system ( , , ) x y z . ,
The instantaneous wetted surface should be determined at every time-step according as the relative height of the point M with respect to the incident wave elevation ζ I is negative or not. 27) Then, at every time-step, the approximate body non-linear hydrostatic restoring and Froude-Krylov wave exciting forces can be obtained as follows respectively. Numerical results of the time-domain forwardspeed radiation potential can be found in Hong and Hong (2008) but the hydrodynamic coefficients have been recomputed by using
Eqs. (17)- (20) as mentioned earlier. The barge advancing at F n =0.1 in regular head waves has been taken into consideration.
The principal particulars of the barge are given in Table 1 . Table 1 following the procedure presented in Hong et al. (1998) and in Hong and Hong (2005) . 
CONCLUSIONS
In this paper, an approximate body nonlinear calculation method for the ship motion and wave loads has been presented. All computations are made on a personal computer. The wave exciting forces and moments acting on a ship advancing in plane progressive waves of arbitrary profile can easily be found from convolutions of the incident wave elevation and the diffraction impulse-response functions which may be obtained from the canonical diffraction potential pre-computed once for a Froude number. Comparisons between the linear and the approximate body nonlinear numerical results of motions and wave loads of the barge at a nonzero Froude number have been made. The comparisons show that the present approximate body nonlinear calculation method is consistent. More numerical results using various hull forms will be presented in the near future. The present method can be used as a practical alternative to predict some significant large amplitude phenomena that the classical linear seakeeping calculation method cannot predict.
